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A METHOD FOR RECEIVING RADIO SIGNALS IN A MOBILE STATION AND A 

MOBILE STATION 

Field Of The Invention 

The present invention relates to a method for receiving radio 
signals, and to a mobile station for transmitting and 
5 receiving radio signals. 

Background Information 

Ji The article "Pre-Rake Diversity Combination for Direct 
lCXR Sequence Spread Spectrum Mobile Communications Systems," R. 
7Z Esmailzadeh and M. Nagakawa, IEICE Trans. Commun., Vol. E76-B, 
m No. 8, August 1993, describes that in response to code 
■Zj spreading, a predistortion is possible through a pre-rake 
predistortion. This predistortion of the signals to be 
15 h transmitted is advantageously carried out in a base station, 
^ for in a base station, which is connected to an electrical 
g supply system, complex signal processing functions can be 
U integrated more easily than in a mobile station, the service 
life of whose battery or storage cell is limited. This 
20 predistortion presupposes that the mobile station, along with 
the remaining radio signals, transmits training symbols to the 
base station in the so-called reverse link, so that the base 
station can evaluate the transmission properties of the radio 
channel between the base station and the mobile station. In 
25 the forward link, from the base station to the mobile station, 
no training symbols are then necessary because, from the 
channel evaluation, the base station infers the forward link 
from the reverse link. So-called channel reciprocity is 
assumed. This saves on transmission bandwidth through the use 
30 of this asymmetrical base station/mobile station structure. 
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Summary Of The Invention 



The method according to the present invention for receiving 
radio signals, and the mobile station according to the present 
5 invention, have the advantage that the predis tortion is 

improved because no absolute channel reciprocity is provided, 
and this error, arising from this source, is advantageously 
corrected through a phase correction in order to achieve 
improved data detection results in the receiving mobile 
10 station. 

Furthermore, it is advantageous that, using an average, the 
Q phase error of the radio signals received by the mobile 
^ station can be recognized and eliminated on the basis of the 
15gj different transmitting technologies in the mobile station and 
fl the base station and on the basis of the dissimilar quality of 
fjl the elements used. Using short averages, phase alterations due 
to a changing radio channel can be corrected. 

20 y[ Tt is particularly advantageous that the phase correction 

M : factor is calculated by scaling the average value, so that no 
phase modulation arises as a result of the phase correction 
factor and the phase is conjugated, i.e., the sign of the 
phase error is reversed so that the average phase error is 

25 eliminated. 

In one advantageous refinement of the present invention, it is 
possible that, in addition to a phase modulation, a 
combination of a phase modulation and an amplitude modulation 
30 is possible, as is made possible, for example, by quadrature 
amplitude modulation (QAM) . As a result, many more conditions 
can be created for the modulated signals. 

Brief Description Of The Drawings 

35 

Figure 1 depicts a method according to the present invention 
for receiving code-spread radio signals. 
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Figure 2 depicts a mobile station according to the present 
invention for transmitting and receiving radio signals. 

Detailed Description 

Mobile radio systems have base stations and mobile stations, a 
mobile station communicating directly only with the base 
station. The transmission from the base station to the mobile 
station is designated as a downlink or forward link, whereas 
the transmission link from the mobile station to the base 
station is designated as uplink or reverse link. Since the 
base station is usually positioned on a building or a mast, 
and this base station is connected to an electrical supply 
system and the base station is provided for the use of a 
larger area, it is possible to integrate in the base station 
improved functions using more energy than in a mobile station, 
which has only a limited power supply on the basis of a 
battery or a storage cell. It is therefore a goal to minimize 
the energy consumption of the mobile station. Furthermore, a 
base station is a product that is accordingly sold in far 
smaller quantities than a mobile station, which is a mass 
product. Therefore, the price pressure with regard to a mobile 
station is much greater, and as many functions as possible 
should be transferred from the mobile station to the base 
station in order to make the mobile station as inexpensive as 
possible . 

Code spreading is a modulation technology which will dominate 
future mobile radio systems such as UMTS (Universal Mobile 
Telecommunication System) . In code spreading, for each mobile 
station a specific code is used in order to encode the 
information to be transmitted and to decode the information 
received . 

For a radio cell, in which are located a base station and a 
plurality of mobile stations, code spreading means that only 
one spectrum for the transmission of radio signals is used for 
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all transmissions of radio signals. As a result, improved 
exploitation of the available frequency spectrum is possible. 
The codes for the individual mobile stations are constructed 
so that the transmitted signals that are spread using these 
codes do not interfere with each other, this behavior being 
designated as orthogonality. If the codes are also orthogonal 
at the receiver, a simple correlator, which is implemented on 
a signal processor, is sufficient for code spreading. 

On the basis of the transmission properties of a radio 
channel, it is possible that the different codes during the 
transmission lose their orthogonality with respect to each 
other. A mobile station, which then despreads the signals 
designated for it, also despreads a small portion of the 
signals coded using the other codes, because the orthogonality 
has been lost. This portion is noticeable as noise and reduces 
the signal-to-noise ratio of the received signals and thus the 
reception quality . 

In addition to the simple correlation, further methods were 
developed for code despreading. One method of this type is so- 
called joint-detection, in which all codes received by one 
mobile station are despread and then only the signals 
transmitted for this mobile station are used further, the 
other despread signals being discarded. This solution requires 
an increased outlay for hardware for the mobile station and 
therefore greater energy usage. In joint-detection, training 
symbols in the received radio signals are compared with stored 
training symbols in order to determine the transmission 
properties of the radio channels, to reestablish the 
orthogonality of the codes with respect to each other. 

Through the use of so-called j oint-predistortion in one 
transmitter of a base station, this method is used as a 
predistortion of the signals to be transmitted. For this 
purpose, the base station in the reverse channel evaluates the 
transmission properties of the radio channels using the 
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received signals from the base stations in order to therefore 
predistort accordingly the radio signals to be transmitted, so 
that the orthogonality of the codes is assured in the 
receiving mobile stations. For this purpose, the mobile 
station transmits training symbols to the base station, which 
compares the received training symbols with stored training 
symbols in order to determine the transmission properties of 
the radio channel. Thus channel reciprocity is assumed. In 
this context, it is advantageously not necessary to transmit 
any training symbols from the base station to the mobile 
station, thus saving on the transmission bandwidth. A 
predistortion of this type is therefore based on the 
assumption that the channels for the radio signals to be 
transmitted behave like those for the radio signals that have 
just been received. This principle is also designated as 
reciprocity. However, since the carriers of the mobile 
stations are in motion, the principle of reciprocity is not 
correct, because the radio channel and thus the transmission 
properties of this radio channel change. Through a correction 
of the phase of the received radio signals, a correction of 
the mistaken assumption of reciprocity is possible. 

In Figure 1, a method according to the present invention for 
receiving radio signals that have been code-spread is 
depicted. In method step 1, the method is started, and in 
method step 2, code-spread radio signals are received, 
amplified, filtered, and mixed and digitalized in an 
intermediate frequency. In method step 3, the received radio 
signals are subjected to a code despreading. This code 
despreading is carried out using a correlator. Therefore, only 
signals that are meant for the mobile station are despread, 
since the radio signals, as described above, are predistorted 
using j oint -predistortion . 

For the code-despread signals, in method step 4, a phase is 
determined for each symbol, and thus the radio signals are 
demodulated. Since the radio signals have symbols, for each 
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symbol, i.e., at every symbol duration, a phase value is 
determined. It is a question here of a coherent demodulation. 
The phases of the symbols in the radio signals are determined, 
in that the received signals are multiplied using a carrier 
5 signal. The phase per symbol results from this. The carrier 

signal represents, for example, the zero angle, and, as a 
result of the multiplication, differential terms arise between 
the phase of the received signal and the phase of the carrier 
signal, the phase of the received signal resulting therefrom. 
10 The carrier signal, as is well known, is tracked using a 
closed loop. 

In method step 5, the ascertained phases are mapped using a 
*-J preselected mapping specification in a preselected phase 

lij] . segment. A phase error is determined for all phases. In this 
H:f context, the absolute position of the individual phases is not 
CO important, only the deviation. Therefore, all phases are 
J". mapped onto a given value and the deviation from this value 
s then yields the phase error, which is used as a correction for 

2E the radio signals. 

]Z Here, a quadrature phase modulation (QPSK = quadrature phase 
O shift keying) is used. In a quadrature phase modulation, in 
the so-called phase crossing, four phases are available for 

25 the modulation, in other words, for example, 45°, 135°, 225°, 

315°. The phase crossing establishes a complex plane, in which 
a signal is recorded with respect to its amplitude and its 
phase. On the abscissa, the real portion is removed, whereas 
on the ordinate, the imaginary portion is removed. In this 

30 context, the amplitude is not modulated. In one refinement of 
the invention, however, it is possible to modulate the 
amplitudes as well. 

If amplitudes and phases are modulated, quadrature amplitude 
35 modulation results. In the quadrature phase shift keying, 
which is used here, the individual phases in the first 
quadrants of the phase crossing are mapped. In QPSK, the 
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abscissa and the ordinate of the phase crossing are used as 
decision thresholds, so that four decision thresholds result. 
The first quadrant is accordingly here the prescribed phase 
zone . 

The demodulated base band signal in the receiver at time K * 
T, T being the symbol duration and K being a whole number, is 

described as y k = d k • e jS<p + n k , d k being a complex symbol, 

which describes the varying modulation states. They are the 
demodulated phases. n k indicates the cumulative white noise and 
Acp describes the phase error. If a general representation for 
this is used in polar coordinates, then in general 

* e J<Py follows, <p y 

indicating the total phase and y k the amount. 

As mapping specification, in the case of QPSK, the complex 
signal space is divided into four sectors: 

SI: 0 < <p y < n 12 
S2: n 12 < <p y < n 

S3: n < <p y < 3FI/2 
S4: 3 n 12 < (p y < 2 n 

All scanning values are mapped in sector SI, i.e., the first 
quadrant, specifically using the following algorithm: for 
angles located in sector SI, the angle remains unchanged. For 
angles located in sector S2, the angle is changed by -n/2, so 
that the angles are located then in sector S2 . For angles 
located in sector S3, the angle is rotated about -n, so that 
the angles then are located in sector SI. For angles located 
in sector S4, the angle is rotated about -3n/2, so that these 
angles are then located in sector S4 . 



+ Ik 



Jarg(d k e"^ + n k ) 
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In method step 6, an average value of the phase deviation over 
a plurality of symbols is calculated. The equation 

1 ^ 

v = — • i Vk yields a linear average over n symbols y. 

J n k=i J k 

The number of symbols that are used for the average is 
prescribed. A larger number aids in correcting phase errors, 
which are derived from analog components in the transmitter 
and in the receiver. In this context, short-term phase errors 
due to a changed radio channel are averaged, for example due 
to a passing motor vehicle. Therefore, a smaller number of 
symbols is best suited for the average in order to eliminate 
the phase errors using the aforementioned effects. 

After scaling and conjugation, in method step 7, phase 
correction factor p is therefore calculated in the following 

_ y -A*?? 

manner: p — j-j ~ e . 

|y| 

In method step 8, the despread radio signal from 
method step 4 is multiplied by the phase correction factor, so 
that the radio signal is therefore corrected by the average 
phase error. In method step 9, data detection is carried out, 
by the phases of the symbols being compared with decision 
thresholds, and in method step 10, the detected data are 
available . 

In Figure 2, a mobile station according to the present 
invention is depicted having a receiving part 20 and a 
transmitting part 21. The receiving part 20 includes an 
antenna 11, a high-frequency receiving device 12, a receiver 
13, a data detector 14, and an output for the detected data 
15. The transmitting part 21 includes a data source 16, a 
modulator 17, a high-frequency transmitting device 18, and an 
antenna 19. 
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Using antenna 11, radio signals are received so as to be 
amplified in high-frequency receiving device 12, filtered, and 
converted into an intermediate frequency. In addition, the 
signals are digitalized. In receiver 13, the signals are 
despread and the above-mentioned phase correction is 
undertaken. This receiver 13 is implemented on a signal 
processor. The corrected signals are detected in a data 
detector 14, which can be implemented on the same processor, 
but can also be available on a separate processor. At output 
15, the detected data are available as a data stream. 



The data to be transmitted are generated in a data source 16, 
which provides for a microphone having an attached electronics 
for converting acoustical signals into electrical signals for 
amplifying and digitalizing the signals. In addition to a 
microphone, a computer or a camera can also be a data source. 
In a modulator 17, the signals coming from data source 16 
produce modulation signals that are modulated using the above- 
mentioned quadrature phase shift keying. In addition, in 
modulator 17, the signals to be transmitted are code-spread. 
In modulator 17, the training signals are added to the useful 
signals as well. Modulator 17 is implemented on a processor. 
In a high-frequency transmitting device 18, the signals to be 
transmitted are converted into the transmitting frequency, 
amplified, and then transmitted using antenna 19. 
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What Is Claimed Is: 



A method for receiving in a mobile station radio signals 
transmitted from a base station to at least one mobile 
station, the radio signals in the base station having symbols, 
being code-spread using one code for each mobile station, 
being predistorted in accordance with the expected 
transmission properties regarding each mobile station, and 
being modulated with regard to their phases, the method 
comprising : 

code-despreading the radio signals transmitted from the 
base station; 

determining the phases of the radio signals for each of 
the symbols to phase demodulate the radio signals; 

mapping the determined phases onto a phase zone in 
accordance with a preestablished rule; 

forming an average value from a preestablished number of 
the determined phases; 

determining a phase correction factor from the average 
value; and 

multiplying the phase correction factor by the 
demodulated radio signals in order to correct a phase error 
before the radio signals are detected. 

2. The method of claim 1, wherein the phase correction factor 
is determined using scaling and conjugation of the average 



3. The method of Claim 1, wherein the radio signals are 
modulated with respect to their phases and amplitudes. 



. A mobile station for transmitting and receiving radio 
signals, the mobile stations receiving code-spread radio 
signals and transmitting code-spread radio signals together 
with training signals, the radio signals having symbols, the 
mobile station receiving radio signals that have been 
predistorted in accordance with the expected transmission 
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value . 




properties of the radio channels, the mobile stations 
modulating, with regard to their phase, the radio signals to 
be transmitted, the mobile station comprising: 
a receiver adapted to: 

code-despread radio signals transmitted to 
the mobile station; 

determine the phases of the radio signals 
for each of the symbols to phase demodulate the 
radio signals; 

map the determined phases onto a phase 
zone in accordance with a preestablished rule; 
form an average value from the mapped 
phases ; 

calculate a phase correction factor from the 
average value; and 

multiply the phase correction factor by 
the code-despread radio signals in order to 
correct a phase error before a data detector 
detects the radio signals . 

5. The mobile station as recited in Claim 4, 

wherein the receiver calculates the phase correction factor by 
scaling and conjugating the average value. 

6. The mobile station as recited in Claim 4, 

wherein the mobile station modulates the radio signals with 
respect to their phases and their amplitudes. 
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Abstract Of The Disclosure 



A method for receiving radio signals in a mobile station, and 
a mobile station for sending and receiving radio signals are 
proposed. The method and the mobile station have the aim of 
correcting predistorted code-spread and phase-modulated radio 
signals with respect to a phase error. In this context, in the 
receiver of the mobile station, the phase is determined for 
the radio signals, in order to carry out a phase demodulation, 
and the phases are mapped in a preselected phase zone and 
averaged, in order to formulate therefrom a phase correction 
factor, by which the code-despread radio signals are 
multiplied in order to correct the phase error. The method 
according to the present invention therefore improves the data 
detection of the received radio signals. 
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DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to 



my name. 



I believe I am an original, first and joint inventor of the subject matter which is 
claimed and for which a patent is sought on the invention entitled A METHOD FOR 
RECEIVING RADIO SIGNALS IN A MOBILE STATION AND A MOBILE 
STATION, the specification of which is filed on even date herewith. 

I hereby state that I have reviewed and understand the contents of the 
above-identified specification, including the claims. 

I acknowledge the duty to disclose information which is material to the 
examination of this application in accordance with Title 37, Code of Federal Regulations, 
§ 1.56(a). 

I hereby claim foreign priority benefits under Title 35, United States Code, § 
1 19 of any foreign application^) for patent or inventor's certificate listed below and have also 
identified below any foreign application(s) for patent or inventor's certificate having a filing 
date before that of the application on which priority is claimed: 
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PRIOR FOREIGN APPLICATION(S) 



Number Country Day/Month/Year Priority Claimed 

Filed Under 35 USC 119 



199 49 007.4 Fed. Rep. of 11 October 1999 Yes 
Germany 

And I hereby appoint Richard L. Mayer (Reg. No. 22,490) and Gerard A. 
Messina (Reg. No. 35,952) my attorneys with full power of substitution and revocation, to 
prosecute this application and to transact all business in the Patent and Trademark Office 
connected therewith. 

Please address all communications regarding this application to: 

KEN YON & KENYON 
One Broadway 
New York, New York 10004 

Please direct all telephone calls to Richard L. Mayer at (212) 425-7200. 

I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful and false statements may jeopardize the validity of 
the application or any patent issued thereon. 
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